c,niception to parturition showed electronmicroscopic evidence of neuronal degeneration, as well as the permanent failure of formation of the synaptic web and postsynaptic membrane density in 30 percent of the postsynaptic membranes (Fig. 2) ; only slight neuronal damage was evident at the electronmicroscopic level in rats exposed to 10 ppm halothane as adults (10) .
The above results reveal that exposure to very low concentrations of halothane throughout the period of major growth in the rat is sufficient to produce subsequent enduring deficits in learning tasks. The nature of the deficit is not revealed by these studies, but these findings raise the question as to whether or not pregnant women should avoid chronic halothane exposure even at trace levels of 10 ppm as a precaution against possible enduring damage to the brain of the fetus.
The present behavioral data provide no indication of damage in the adult rat exposed to 10 ppm halothane. However, the exposure period was only approximately 90 days. Assuming that our electromicroscopic data indicate a susceptibility of developing synapses, and assuming that the plasticity of adult brain in registering new learning involves synaptic changes, then longer exposure times, increased halothane concentration, or behavioral tasks more specific to memory registration might reveal deficits.
The results of this study provide an example wherein exposure to trace levels of a potential toxicant produced no gross evidence of physiological or behavioral damage. Even under light microscopy, various organs, including the brain, appeared normal. Only at the ultrastructural level did morphological damage become manifest. 16 AUGUST 1974 Furthermore, the evidence of synaptic and other neurological damage in the central nervous system may or may not have been accompanied by functional deficits, and only by behavioral testing could this be resolved. It is interesting that behavioral tests have proven here to be as sensitive as electronmicroscopy for detecting damage from exposure to a trace level of toxicant. In assessing the health burden of trace pollutants, at least those potentially affecting the central nervous system, it is clear that ultrastructural and behavioral data will need to be specifically sought as the most sensitive ap 6 . Several 500-jul sample injections were made daily, with the use of a Varian Aerograph model 600-D gas chromatograph. The flow rate for the N2 carrier gas was 25 ml/min. A flame ionization detector was employed. Interpreting the Failures to Confirm the Depression of Cerebellar Purkinje Cells by Cyclic AMP Our proposal (1, 2) that 3',5'-adenosine monophosphate (cyclic AMP) might mediate the action of norepinephrine (NE) on cerebellar Purkinje cells has been challenged by Lake and Jordan (3). Our proposal evolved from the reported increases in cyclic AMP synthesis produced by NE in cerebellar slices (4) and our observations that iontophoretic application of cyclic AMP would mimic the depressant effects of NE on the discharge rate and pattern of Purkinje cells (1) and that phosphodiesterase inhibitors would potentiate the depressant actions of NE and of cyclic AMP (1, 2). Subsequently, we showed that both NE and cyclic AMP hyperpolarized Purkinje cells (5, 6) , and that identical hyperpolarizations were produced by stimulating the NE pathway arising in the nucleus locus coeruleus (7, 8) . In addition, we showed that the proportion of Purkinje cells which reacted to an immunocytochemical method for the detection of cyclic AMP increased five-to ten-fold after stimulation of the locus coeruleus or topical application of NE (9). Lake and Jordan challenged our hypothesis on three grounds. (i) They, like Godfraind and Pumain (10), were unable to depress the same frequency of Purkinje cells with cyclic AMP as we were. (ii) They (3) discount our supportive pharmacology as "unspecific" and "untenable." (iii) They discount the immunocytochemical data as uninterpretable because cerebellar granule cells were maximally reactive in control samples (9) .
The fundamental issue here concerns the number of tested Purkinje cells that respond to cyclic AMP and the significance of that number. Lake and Jordan (3) and Godfraind and Pumain (10) insist that cyclic AMP cannot be considered the second messenger for NE synapses on Purkinje cells unless cyclic AMP depresses as many Purkinje cells as NE does. Under the conditions and criteria of our experiments we have observed depressions in 156 out of 238 Purkinje cells tested with cyclic AMP in rats (1, 2, 5, 7, 9, 11), cats, pigeons, and frogs (12) . We regard these observations as continued support for our proposals and experimental tests. In an effort to resolve the conflicts in evidence and interpretation, we offer the following comments.
Our procedure for testing cyclic AMP is to "warm up" the cyclic AMP barrel by passing high ejection currents (150 to 200 na) for 5 minutes or more into brain areas away from the test site in order to achieve reproducible trials later with Purkinje neurons (1, 2, 5, 7, 9, 11, 12) or other (14) To insist upon absolute agreement between the proportion of Purkinje cells depressed by both NE and cyclic AMP (3) implies that intracellular second messengers oan be identified by the same procedures as intercellular synaptic transmitter candidates. In other cellular systems in which cyclic AMP is accepted as the intracellular second messenger for specific cellular events induced by hormones (that is, glycogenolysis, lipolysis), the threshold for this response is 100-to 10,000-fold lower for the hormone (that is, glucagon, ACTH) than for cyclic AMP (17 In view of our data, the reported depressant effects of cyclic AMP on unidentified brainstem neurons (21), on hippocampal pyramidal cells (13) , cells of the caudate nucleus (14, 22) , and on cells presumed to receive a dopaminergic input in the limbic system (22), and sympathetic ganglia (18) , the proposal that cyclic AMP might mediate the postsynaptic actions of catecholamines still seems reasonable to us. The Tuned-Receptor Paradigm Wasserman (1) presents an excellent systematic review of the spectral sensitivities of invertebrate photoreceptors, but he has built out of them a straw man in his attempt to show that "the tuned-receptor paradigm is not universally valid." His demonstration arises from his own distortion of the classical color vision paradigm. This paradigm, as he states clearly enough, is that "color discrimination must involve a comparison of the relative responses in a set of receptors. An array of paradigmatic receptors tuned to different portions of the spectrum will . . . produce different relative receptor responses to lights of different wavelengths." Since "this is also true of a contraparadigmatic system," it is not clear in what sense a narrowly tuned receptor is paradigmatic while a broadly tuned one is contraparadigmatic. The essence of the Palmer-Young [1, references 2 and 3] paradigm is surely the necessity for the intercomparison of the responses of receptors with different tuning curves, and has nothing to do with the shape or narrowness of these curves. I know of no claim to the contrary appearing in the literature. The existence of a limited continuum of receptor types, arbitrarily classified into a and ,8 groups, is no evidence for qualitatively different color vision mechanisms. The paradigm-contraparadigm formulation therefore appears to me a false dichotomy.
In this context, I fail to understand the author's statement that the tuning notion is "distinct from" the concepts that Palmer's and Young's "particles" correspond to light sensitive pigments and that "information about color is not extracted from the response of one receptor but by comparing the relative responses of receptors which differ in their sensitivities to different spectral stimuli." The tuning notion, as I understand it, clearly embraces these concepts.
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on NE responses of Purkinje cells have been established (1, 2, 5, 7, 10 From the title to the end of my review, I explicitly distinguished between the subordinate concept of the tunedreceptor paradigm, which referred solely to the shape of the receptor spectral sensitivity function, and the superordinate concept of color vision in general, which subsumes auxiliary subordinate concepts (such as the concept that color vision involves a comparison between receptors). In my review, the term "paradigm" never referred to anything other than the shape of the receptor function.
The assertion that I created a "straw man" in my review of invertebrate photoreceptors derives from the confusion created by Hillman's equivocation between the tuned-receptor paradigm described by me and the "classical color vision paradigm" described by him. The equivocation is to be found in Hillman 
